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(54) METHOD FOR CUTTING GLASS SUBSTRATE AND DEVICE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to activate the formation of microcracks, to increase a 
cutting speed and to improve productivity by heating a cutting part by irradiation with a laser beam which is 
uniform in energy density and has a longitudinally long shape in the spot in a crossing direction, then rapidly 
cooling the cutting part 

SOLUTION: The laser beam of the longitudinally long shape is preferably a rectangular shape or elliptic shape 
and the length in a major axis direction is preferably made longer by about 15 to 25 times than that in a 
minor axis direction. A heating stage and a cooling stage are repeated at least >2 times to impart thermal 
impact. The cutting device has a table to be mounted with a glass substrate, a laser beam generating means 
which is disposed in the upper part thereof, a lens unit for convergence and acceleration of the laser beam 
and a cooling means for rapid cooling of the cutting section. The lens unit consists of a first lens group for 
changing the laser beam to parallel beams and a second lens group for changing the laser beam to the 
longitudinally long shape in the cutting direction of the glass substrate. 
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•9, «!Wr*l6llcu— iff— -k£>*#5/ hiWKftJB&fc-r 
i — If fc'- a £ figM LT # 7 * S« W^JWgPSrJUPfR-r 5 

S-arT^-f * n ? 7 v V &Mf&-rZ>#i%IT.Ut Sr*-T5 

[it*«3] m$m&fc<n u— if f-Att, e«&*r6i 
O«$^Mtt*|fi]C0S$W 1 5~2 5ff-C*fe-5ii:S:^ 

im*m 5 ] MiB^«»*iew:, n d : yagv 

— «f SrfiBJt UT«t)I^^4t5 r £ £*HSi: -T 5 »* 

57-7Vu£, y/uoo±gB(rtSttibixS^7^S 
«co^J»fg|5ffiSrADI?*i- 5 U— if tf — A £f§£ 

■C*dfe*4xfcl'— tf fcT— ASr**XW*D^i-5 U^Xn- 

tftr— ASrWt- .Mc&jLS&I u>X 

^aSrU— if If— A<E>#iSi$-ei$— fcU i — W— 
AcoBfrS£ # 7 *mWL<r>W%\J;fa izffi&mtZ -tir-5 ft 2 
u vxap & sr^-r 5. r t &<&'&t-rz> H r 7 *S«to*iOBfr 

sse, 

[t»3fc>S7] SfllE^2 1/^X^577^7^ U-^X-C 
gS^— *7U— -McRttfeiv 3J»r$;h,-5#7 7S;&£ 

t i-mm^-y^ ^mmnmz xmsm^tE^ 



5^n;*.T— Air, 
05 SfrlS-<— ^71/- A35l±^ n7T— A<7)— flffllw^tf 5>*1, 

10 Hft#^t, 

HHB^y K9H=KI7 bJx. flHR^&K J: 9^*ii,fc# 

[Ht#ill0] msXH&Wtt*, "<-*7U-A«o± 

[if^iiii] flfriE^— y/^<D±m^am<D^mx'i> 

3£g, 

25 tt^— ^H^«?$Jx5^7^»KSr#l***5#H*# 

fcKilTLTi^ § I I ffl $ ix5 t° t , f v 

30 SCWSr#^$-ttS->!; yytWt5rtS:#att5 

m*« 1 2 iriE®ro^7 ^.s«w«]»f^go 

bit. : r—7;i'<n&mjjfabm.$ZirZ>YlftiJ7fo\z~.-y K 

35 ^tcj©fiE$n55:^i:, StIIEL-vXffiP^#^$-a:sm 
2 t «r*-T 5 r t «r4$W t -T S IS*rJ 9 JciiEtt 

1^*^15 1 strffi— yKiKS#ttt±. ^o^r-A 

40 l#«WKl^-/i't. ^Sg—fftlco^ Ki/- /H:«r 

*i--5ii:^#®i:i-?)i«*«l 4(c|Eite»* r 7^S« 

[if#*I16] lltllEl'VXiLny M4. L — iftf— A 

i»ci/yx±945»iuyx#t, SfriS^iu^x 
aPSrilofcL — If t'— ASrWrtw-T 575^ T-f u^X 

J©u- !f K"— AAR^Sr«rfc*-5*3 uvXi SETT'S 
50 itSr1*«t-r5»**9»=E*«5^7^S«<0«)WrK 
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9S2 8-Kmtt* »*2#i*ss*r^aa»te>*u5x. yt- 

— y^t. SEX, Yf- y/KDTSB»cS»t bixT^Tk 

mm 

m*m i 9 ] wiEEitBn***«H:, 7 u~ 

-MwIWbtU l/-f C-A?:8fe$-&5Nd : YAG 
U— - jPtT— A^^gRi:, ;©Nd : YAGW-t'tf-A 

r-f cifcSrtWKi: 1 8lcfS«<75 
y ^ S: S fe * r i S:»« t i" S »** 9 

tfa*<o#7 xmm<D® mmm. 

[00 0 1 ] 

ism^^comm^*) > Aft^a*, u— - <ftr— .mc 

«t -5f^«^{c «t D # 7 * StfOt&ff- 5 # 7 * S«cd<5U 
[00 0 21 

ft* J: 5. rwtTKi^iiSS^ ^TtyW 

[0003] mmi&wm\z£<9#&myo'MX'$>z>#9* 

»RSr«IWr-r«*«fe*s. *Ba«*F5. 6 0 9, 284t 

»ttU:-r>r * a * 7 7* Sr384$-a:-C«lWi-S*«fe-e*> 

[0004] ^wi^^^^lWi^Sit Sfte 
jgsprtSgX JtV>^f7^W#tt*fflV'>-CV^5 0 i" 



So 

[0005] rotfrttt:. i — ■ W-Mz&ziiam*?%i 

[0 0 0 6] tfirSE*l»5l«(£tf}tt: % #?**Kfc«l»fr 
10 S**JC*i:45. wC0^§l3a^*»i. u-ff-A 
w/<!7-. i — - iff— A^^Mft, *Sj£«?*SMfcK:*5 
»tSi*^***^*, «JWrii«, J: 0 

[0 0 0 7] r 4x^^1*3, ^^n? 7 '^ft» 
15 It* fcA<0«*43E»^*fcll»-*-St© 
l±^S*T-fo<9, rw^^tC»*-C, ®3fe.fc 5 U— If 

t* - a (7? £ jft ic *s 1 1 5 Br 05 * & it 3 r i mm $ n r v * 
5. 

[0008] Ltf>U sK?gS*tfc«3(E«)u— iff— Ate: 

^Srilo-CADXffiica-TS If f— At,#7->7yi 
[000 9] 

25 A'¥**t:fcoU'— iftr— Aw»fffi»c:*JV^Ttt. ilff* 
30 [0 0 10] -T^t>*>, ^/7^^«C0§]BfaS»-*5(t5* 

iPHR$ixfc^, 3i*^««#tei^JttttfcS aunts 
35 ^Jft*P$*tSCtt«t9tfi3tu5„ Ifc^ot, ADf?Ri: 

[00111014 Sr#fig-T-5 «k, «trjfi©a**s— aw 
c>7»»ir<c5. El l 4 tt^ro^7->7yMi^ 

40 wjaK^Sr^-TEI-CfcS. 

[0012] 0^$tL-5±5t, u— if tr— Aljferof 

S (/77A) o * UT*«*I*I— ©P5»»tt» ^-^yw 
(^77B) o bfc/jSo-C, u— if fcf— A^.j^rostt* 

ip] — <7) &m *6 t ^ t- &> 5 „ 

[0 0 13] Sfc. M3£<7?#?^T>'S^*A'=¥^|£3: 
tot/- if tr— ah, Stt^iSi^^cojc^/u^g/js 
50 Wv^T^ife. *DHft^t^^^AtJ;5SiSffi^u— if 
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fc*— J*M.&<o<p£:MX*tj:£i%. iBM&MMkttZo zti 
#iM£frXTtfZ> 0 

[0014] iftmmtsfrt^m&n<F>%i®vGim*. 

[0 0 15] ^<D&#;m<7>fctl-frlfH-£. mi 5tc:^$n 

rv^-5„ cck, mi s^^cd^^^t^m^-^ 

[0 0 16] w^ERc^-ripl^ ^frJiftSP'H-SJWrp'B 
X'5££.-rz>fc?i<o±.%-tig (ii5i:isit5c) a*:*:-eft 
<^75^-C*fc-5/ci6> mW!U<D-^-( ? v ■? 7 y ■? <D&%. 

a* r ?t iw/i $ n/iv * <t v ^ Fp^js;^ fo -s. 

[0 0 17] ^tt, u— If fc'— A /$*#■> ->T VM^-* 
/t'^iS^to^, u— If t'— Aro^^^SE^ 
gC6<)(c:il5v>fc», u— if fc— A%^a5^t><7?u— if fc*— 

[0018] WJKOPplS^ari-^fc*. U— if fc* — A 
cO^aU-fLSrOltT U— if fc*— Ai'lff bfc*^T- 

[00 19] LA>U r<DU— if fc*— A|3\ u— iffc*— 

^Wa$l-!fJt£;?x5 — Iffc 1 — A(£>Hi#tB#faJ/0 5 M< & 

[0 0 2 0] tf^XCfc-fc^ 5 ^S«5r«l»fi-S U— 
1fi:b-CI*, CO a u— ifi4*fflv^ix-5o i-r^a*. — 
ASK, ilj^^SHi-ffl^bti-S^^I*^ JSSitX^- 

^flfit- 1 TO£y)?£zmwmwm&mzM)&-rz> 

If 1^5 i: , mmmmSltf C 0 2 u— if j.^/u^St 

[00 2 1] *^(i_hlEUfcP t aS^^--C^$^fc'b 
tzibco u— if t*— Aco^^/u^gF^^SBfiT-^— L 

feRim <d mm. ^tt-r i> ^ <t -e fc 5 <, 

[0 0 2 2] *^«I»lS<)(i, #7^S4gGCH3tl»rB# 

-TSC iT-fcS. 
[00 2 3] 

*&w\i. #a5tefc:*5{ts^^'^-v^«^K)--efc 



9. ^0»T*fS]tCU— if t'-AO^/Kiy h^SJft^Sr/ii- 
u — if fc- A £ fiajt it 1i 9 * &ffico«Jllfr SB 5 
ADHfiX^i:, MfE u— if fc*— Aoofl&ttiw J; <9M&£.ftfc 

[0024] nmw^m^x. mnzwmmzmttztiz 

$mm<n> u— if t*- Aiift^3H4*SR^T-fcS r t a* 

»*U<, $lblC % U-1ffc*-A(7>ftti^(pICOft$^ 

«t*r6j<75^n J; 9 1 5 ~ 2 5 mi < -rz> r t AW* 
= - h $HfcS#t«Sr^*i-5SStK^*XgSr$ biz 

mvx^^z.tmT^.v\,\ &<biz^ m^mnmRxf 

15 [o 0 2 5] mJlESWSr^i-^fcAco^^^S^cr)^] 

mmmz. wmi-z? k-tzx? x&mfcmmznz'r 
(Dtymmzztom-r z> tz. ^><d u— if t*— a $ ^5 

u— if fc*— A^^^i:, Ku— if f— a^^t*^ 
20 ^ $ nfc U— if t*— A (7)**: JWAQigO &5<D 

mm^-y^tmmvx^-fhthxmwrnu 

iSit^ot, ^jfEuvX^-^y M*. ^JISU— if fc* 
— $ *V7t u— if fc*- A S: W^fs fc*— A ic 
25 ftSll WX^t. flfFlE^l u>XS¥?riiofcu— 
if fc*— A^^Mvi^^K u tf t*— Aco#1gi$-t-*£— 

t-b, u— if v—j*(nmm*tf^*mwL<DVim?jfa^ffi; 

30 [0 0 2 6] ttIfE@WSr«^:i-5fc*, 

^-<— ^7W- AKfSttibJv W§H5^7^SSSr 

^n^7-At, ffJlE^ n^.r— A^lt^nfc-^i/ K 
^sfe^l-i 1 ? ^n.^T— A{c»o-r^aH$tT-5-^-y K 
a5t, MfE-<— ^-7\y— AXI4^ nxr— A<o— fSUt^lS 
40 u-if fc— ASr^$it-5 u— if t*-A^*B 

St>\ huIS u— if t*- A^§|5-C^ ^ Hfc u-if fc* — 

[0027] ^*^fc*3^T, mwjjam^Rrj^m^ 

50 <t#, ntlEl— if t UTIi, CO,U-if^t>*Nd :Y 
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a g u— ?&m v >s r t tm% bt \ 

[00 2 8] 

[00 2 9] *mS»MH=«5^9^S«<0«]W*}fe 

tr— A3§£gB-e38£3*tfcu— ft- ASr3t^3fii UT 

«lWf*i6ilc»ft»**-r ± b u-— if f-ASSSx 
St. iSfltu— 9* t-AflWxa-CSISSftfcu— iff 

-j**-h=7 *mm<o®mm^wtt l.x#? x&K&ao» 

[00 3 0] MEi'-ffcr-AlKiatt. )fefl»7 
T-< u^XSrfflv^-trttSriiS u— if tf— Ara^.* 
Iw-TSr. L'— iff— J*<oM&. 
*m&Bit£-&Z ^ktfX'Z S„ 
[0 0 3 1] -t LT, t?*{f*?&ftU 

T-feSo err-, |»H»fir«-M — iftr— Ato^ii, 

J; 9 1 S~2 5ffifBifft<i-5C:i:«s»*LV\ 
[0032] S9isiD^xmi±, i^-ftr-Aisist- 

me>wmuvL*jJim-r& ii-e* s» 

[00 3 3] ^9^»K«)9IW»|5ffi«)iW»H:, Wt&mt 

Vtc.m%t<D u-if t- A SrBf ««nmw2>c»at u-cao«i-f- 

SifbT-t-So rc0^m<O^— iftr— At LTfi, -t 

[0034] iwaaanjRxejctei^-c. «wr$*LS*i?i"T? 

fcS#7*<7^ffiK i TO*if<oRatJKd«^Sixfc» 
-g-lwtt, r;ft,£u— iftr— AKJcO&^ssatJ&Blf* 
ISS:SblCffoTtAv\ Nd : YAGU- 

— if zsMmzfm lti&*i-s r «t aw* uv \ 

[00 3 5] SfFlE^iPXStt, *PlPR$tifc«J»fg|J{£Sri& 

weu*s«iwf$n5. rwftipxmn. jn»xe-ea*o 
u— if tr- ^xtt\m-tz>m&. & \s— if f- 

[0 0 3 6] ^/^^Iffi^its^ftii, SJWWroin 
SRAi u— tf t*- Afc/Kro^^^Mwi^flEgSrta— K 
t5l irKJ: <9 . ^fflffifcfcttS^^aEABfrMSrlS] 



"C-#S. 

[0 0 3 7] *»W«>^7^«»f**fefcJ:*SSb*tt, & 
05 [0 0 3 8] Hifeff] 1 

MZte-f X b \c U :©IMroM*toi — ■ if f— 

a(c± d ^9^aaR©«i*f»*«Ap«i*nfca. 

10 7C„ 

[00 3 9] El 1 frhW <bt>**£ X b (C. u— if tf-AHS 

(^77D) ;8***fflfcJfc^*«il&*SlS;h.5 0 
tLtf- ifC-AirJ;5«J»fgBK)ABi?&£f£^«: % # 

is '>oes***»5«^ if v-A.nmi&m^&mmz 

(^77E) „ !fK'— Arom«B»d»bfiteaRR 

So 

20 [0 0 4 0] ^n&KMfflKt&wl-st, iftr— J*<r> 

. J:5^Lffi^]»fgBt-*J»t5 u— if tf— A<DRB|tffi?K 1 t 1 ^^ 
-if f-AcoM«a5, «P*S8XV«*BaJtf«&— 4=*^ 

So 

[004 1 ] LfciSoT, S^rJ^TfeS L — if f— A(D 
F EFb^) „ 

[0 04 2] g|2li, ^WgB^A^^ip^J; 9 #7* 

So ia2^bMe>*^£ot 51-, ^WSBroiDSKm::, ^OW 
35 a5WJ^^/5 s )S>:^l-±^ t) (E12(Cjo(tSG^igc) , iftiP 

*3»tSHffi«) . 

[0 04 3] WJiCO^^b, 1^— if tr— .£>(E>f>j£/jSft 
^T*fcS^-. «l^ra5tr:^:(D^®^5r#xSr t^T- 

So 

[0 0 4 4] Hi^gij2 

fCo 

[0 0 4 5] HI 3 it, mffitfMtMM<DtfmMX&>Z U— 
if tr— A (73 j.* X&mtf&UGLX'UZ- ^ u —if tr- A 
50 SrffiV^T«Jif$tuS^]WfgBW?a*^*^-rElT*foS. 
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± 9 if if-A^ft#*rft^4»*«^b«l»fffl^flMt 
[00 4 6] L#>U Ma&LfcU— if tr— S»<DM&&& 

"C*< (^77 J) , u-ifif-AoSmSB^b^ASB 
[0 0 4 7] Lfc^o-C. «n»-e*5U— If tf-Atf) 

BJ) o 

[oo4 8] m4K, wm&<o&Wi/£ifcmz&*)tf9x 

**«**K:±^5 (B4K4srtSL«Wa , »»a»iw 
J:Oft*P$ixSWjS"t**A*sftKJi*ss (04 

[0 0 4 9] mste, WIE*ife«r*»-t-**«WirJ:* 

iz, 7 A 11^ =§!£-<—* ^ u— ^ 1 1 \z 

Rttbtu «WrSti5*fl , S:X»t5f-^H 2SrX 

2 o , SUfS^— * 7 \s — a l l tf>±8Bt£ 

n^T-A 13^ SK*o;*T— A 1 3lC»tbe«Efc: 
Rttfetlfc^y K»4 0 itfiE^n^T— ^ 1 3KR 
ttbit. K»4 0Sr«Ha&$-fr5^y K#i£*R5 0 

[0 0 5 0] ^7^Sfi«8f 1 oj* s 

77U-A1 l <o— (H!K-Rfte>ix5 i^— If tr— ^«*SB 

8 it, asu-f ir— a«s£S8 8 i -e«4fe*ttfcu— 

If if— AO«jftt:|«t»ffcS*5i: i fcK. 4RA0#n 
fifx^Jff S41S-^tS fcOtfeot, ^yffl 
4 0 Kijg* u yXa^ >y V 9 0 £rW-t-5#^«r 
«*.fcaol*#R8 0 t. WE^y KS&4 OfcRttbtu 

[0 0 5 1 ] ^dKl, m 6 ttH 5 \Z^£frtzJf7Xg;fc 



t/y -T^e-^ 2 2fc:«fc D^StL*^— ^SB*f 2 3 
<h, tt-i-^ffltt-2 3^lEltegfttcRJtP>nS«gB*f2 
4t, a»E^<— ^SBW2 3tCJtL«gB«-2 4Sr3EiS?teS 
05 «^fy tV^-^ 2 5 ^^tLTt^o 

[0 0 5 2] Btjf&lggRW 2 4 tt, -<-*gB*t 2 3 KRtf 
^ti/c^^ >fc 0 v^^~^ 2 5(7)(ElGfttc:iESStt5r 
<t t)T't -5 0 «SW* 2 4 (D±ma-±* if#— h 2 6 ici: 

10 -<0^— 2fc:tt. «0»fSix5^7^S4E2 0 0 «r 

5«»fi^^«pTL 1 2 a dS»j«$n-Ct^*. 

[0053] msnme\z^$nr^—y^(DA-Am 

l:±5»IH-e*5^ WEKAEfttfefcttiEEH:* 12 8 
15 fc*$*b« ± 5 tw^9J$ttT3£«fTL 1 2 a ictfMH L o 

MSn, ^/7^2 0 0^fMl, «JBrgMfc<0 
±ffitc§|3i*^D^ btL5 ± 5 Ml" 5 n £ tim* LV\ 
[00 54] -t LT> fJll&R^W 2 4 ft, T—Zf/lr 1 2 
20 ^J:03c«r*ixS^7^5SS2 0 0S:#»S-a:**l# 

1 2fc»/fcSftfcjr«JLl 2 ba>fegiA&tf3lffiS*L5 
tTv£lM?f 2 7at, B*lf ^ffl»t2 7 a 1 
#^^>y 7 b tttfCl>5p 

25 [0055] ffiria'*— * ^ a i i \zftirz> 

[0 0 5 6] H9tt^ y KgBSra^bT^i-^ElT'fe 
30 ^>o flffE^yKSB4 0tt, ^ n^T— A 1 3fclRtt£> 
ix, x— 2^Mf5]^E$t5Ytt*^(^y 

35 [0 0 5 7] X^4 2(rji, I2#»?&6 0K«fc t? 

#^$tb^> 9 oasRitfetK :<Duyx 

»t b ix/c ^ * —A ^ -Y — ^X t>^^^ IdR tt e> n^e — ^ 
40 ^±9iEi»lHlteSn5^* — A^J:9?Tfoix5 5o 

[0 0 5 8] mlf5— y K»Sfg5 Oli, ^a^r-A 
1 3<^rtffl^S^i6it2:RJt5>ixsmia**SPB4 1 Sr^/ 
-f K"f"-5 l n<oU4 K 5 1, 5 2 t , — M<Dtf<<( 
Ku-yus 1 fcW1-S*|6l^R»t5>*L-CWIB*ffSB4 
45 1 £?£i££i*T5 M 5 3 tSrtUtt^o 

[0 0 5 9] fldEB2#(*^S6 Ott, 0 9JC*$4xS 

uyX^i/ h 9 o £3£i%&4 2<oS^^ir* 

***ft*cR»tfett4 1 *fO^-r KU— ^6 1 , 6 2 
50 mbWK^61, 6 2iC»oT^iH$*L5 
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l/yXi=y t-$Mfflt 6 3 i:, Yls—frB 1 „ 6 

2 tsmTi-5*i6i»wia;»te>4x-c3£«fSB*t6 3©- mtm 

— 6 5 ££WLT^3o 

[ 0 0 6 0 J JIW3i&2#»#Ii:Hu flftttff>%lttBffiK:jR 

[00 6 1 ] El 1 0 MdhM^ft<r«Kni=9t-fliEBg. 
ADfl*:^g8 014, HS&t5Hl 0t*S*t5J:5 

ir, u— if tr— assess 8 1 t, MIE^y K8B4 oteK 
tttjtifcu-^XrL^;/ h 9 0 £, flWSW— iftr— A$8£ 
a!81i l/VXa=y h 9 0 t WR8K:fcBo"tt £>*t, U 
— iff— .&3§dfcgB8 i -e*^$ttfcu— iff— A^i/y 
> h 9 0 \zmft£hZ> 4 5 ic-TS^mfliro ^7- 
83. 84, 85, 8 6£, :© 4 0 ±.\Z.WLtf 
ibtiti*-**^^?— £B8 7 tSrWU-CV-So SdfEW— 
iffcf— A^g|58 114, HflE3tl4^#:*fflV>TU-ifS: 

co 2 u— y-"7)sjf^ lv\ 

[0 0 6 21 mffHuvX^-^;/ h 9 0(4, 3t*3r&4 2 

(t^ttfcu— if*^su8 iT-^$ttfcu— y-'tr-^sr 

— s/ FSB 4 o \zmm 3 Hfc u- >X^}cSt AT-# 3 4 5 
u— Iff— A0>g&&«r&£-frSi:^l=, u— iftr-A 

"MMW-m^M l 0&tN3 l l i^-To 

[00 6 3] h 9 0(4, &Sf8f9 0 a & , r. 

O^Hi9 0 a K12(t^;ft3^i&ffl<ou>'X < !:£WL-^ 
-5, flf!fEU->X(4, u— • iff— 
ttt. i wyX»9 it, z.(o% 

1 W>-XSP9 1 SrilofcU— tftf— ASrSp^tl^-rsfc* 
00^2 U>X9 2 

[0 0 6 4] ^2 l/>X9 214, 
l^-SCL £;4*£rS LV\ -t LT, r<E>i?2 U>-X9 2Srii 
t) "b^fT-ffcLfc U— if tf— Atc:g)f^<75 L — iff — i=, 

[0 0 6 5 1 SS3 1/VX9 3(4, YW^fSlWft^^S: 
Xtt^(6](Oft^^4 9^#< LTU— if tr-.A£#7 

125^3 1/^X9 2, 9 31410(7)1/^X4 

[0 0 6 6] £fc. BI^UTV^V^S, StjfSU^XS:^ 

SrH*t»»$-B:5reWi»S:KW5rtfcJ;5, uyX» 
F B ^!gBt^W^T-# 5„ BfJlElgib§[5(4, «Wo*Hffi, 
X(4#P*g|5*t(cg3t^SCf«3t^S:IS(+-C7^-X7 



[0 0 6 7] m 1 2 l4^#S<7?^iaT-fe5^, 

0 0(4, — y YUA 0©^4 2 (09# 

BP.) fcRtjfeii, i — if f— A^itjinSJi^nfcXfT^ 
S*S2 0 0CD^j^fgiJS:^$iJ:^t>WT'fe-5, 
05 [0 0 6 8] w<D^*P#Sl 0 0(4. E!9SlfEll 2?r 
#St5t. 3t«r^4 2»=H3fe$ih.fcH3tSi51 0 l 

tta^sisi o ifcK»te>*t5jBi#i*siJ*ti 0 2t. i 

1 #&SB*f 1 o 2»-Kttf>n5>'y y^i o 3tciJ: 
9#l^^tLS^2#I^Si5«-l 0 4ir, KrfBjR 2 
10 10 4l:Slt?)Jl5X, Yf-y/H0 5t, KX, Y 

th loco/X^n o 6 tSr^LT^S. 
[0 0 6 9] CL60/X/H 0 6§r^-L.-C*lt$ix5^*fl 
iSStfci: LT (4, ^D'/A^. £gf, C0 2 X/*XI4£ 
15 «te*oT»lt$ftS*jWli^e>;i't5. J£*P«{£|4, gij 

SfilEyX/n o e&tffKieVK^iti^ii. Jft*P«E*-e*> 

[00 70] WEJRXlftWtt, «IMP«r»«l$*r itt 
25 JPCO-^yU^^g!)^: (Peltier effect) 

30 [00 7 1 ] t%&<0£?\Zmf$.£tl1tJf : 7X&m<DWm 

5.4?(r, R#tKI^5fe^l 10(4, -<-^7 u— 
35 t£(t<b4x5Nd : YAGt — iftr— J»ft±Ul 1 1 <!:,. 
rcONd : YAGl^— if fcf— -MS£gffl 1 lfM^tl 
fcu-if tr-ASrtfifauvX^ yH;±o «Wt 5*1-5 
ix— if tf— ±.<otfm\^1M Kt5*77-f^<l l 2<t?r 

^•L.rv^s <> snta7t7 7--</<i i 2c75tup<ai(c(4sij<Du 

40 ^X»Sr$bl^#-f-?)ii:'b^ItgT-fo2)c 

[0 0 7 2] flME^y KSB4 0(C(4, ^-^/Hr^*$ 

[0 0 7 3] 9 -y?Bl$.&l 2 0 (HI 6RUm 7# 
45 BR) li. SfeWrtHcHJfcSihJSiT^a.:*-* (H** 

-r) wrw^f^^iatj^snsfyx 

(4, B t^WHJS^ffitcpS^$tl5 1 b«0-e(4^<, §JWfS 
50 (4, fwi^itw-c-fcottJ:^. 



[0074] «riEw ± o \m&.2titzwmmwi-£. m 

ft. ^W$n-5^7^*«^ig-&fe-ti:-r5fci6<73*> 
7 13 0 (B5#1IR) XtfAaSnfcW«K*<5£lffllB 
❖^WfclWW^S?*— *:/o-fey-jf$:$ fefc^TL-O* 
S„ -tLTMIE^-'T'/H 2<Dl!fr&XM:ffi!lffiK#7*& 

y'S-frSfcafrW-^-f » l/-^Sr$5)ttttV'5 0 
[0 0 7 5] 2fctc, fflfc^J^fctodtei-Lfctf?*** 

[0 0 7 6] *3afc?K«»wJ:«^?^»««3«IWf3S«Sr 
ffiV>T^7^S«2 0 0 SrfllftSlcii, f-^H 2 

<D±.mz®mv£? b-rz>#7*gM2 o o£*<e-r 

-5. r«*|fre, x-tOh 2<o3£»7Ll 2 a trK^JE 
^Dxe>4x-5«fc 9 (CUT, #7*&;&2 0 OSrK^f-T 

*• 

[0 0 7 7] tflfS^— y/H 2 0)1:®!*, flg 

[00 7 8] r. <f>^mX\ wifZfflfflttkiDl} ^7130 

^2 0©^fyfy^- : 5'2 5 $:IEi)lj$-frT^— 
7"/u4r]EISI*K4fcH:iSMB$*«r.i^J:*), #7**® 
2 0 0 wSJWIffifcSSfii-So 

[0 0 7 9] afJfE<0J:5l-> *"v^S«2 0 0©|£ii 
ETtSt, *^7l3 05rfflMt#7^iS2 0 0ro 

1 2«r^3*3X##&2 0&tf^yyffi4 0«:»ai 

tsf 2#K¥t5 o tzm^^xx^^mz oocom 

[0 0 8 0] ;©J: 5lrUTS?iJ^T-t-5 

2 ocoT^if^— y-£TP*£-tf\ 

J=K»t fetbfc^- y r»c J: 9 «J»rSMfci::«BH * 9 y 9 

3t, iff— A3g£gB8 1 t?^$4xfcu— iff— 
-Mi, tfrlEU^Xa^s, h 9 0<£>f51 yX»9 l £ri§9 

* # e> ¥n e '— a K x b n 5 . 

[0 0 8 1] iw<t5lcffftf-i,|;^i$tifci — if 
f--M2, ^2 U^XS¥9 2^577^7^ UV'XSr 
il (3 h \s— if f — AW#gSffi-c?ft&— fc^/u^g 

[0 0 8 2] $ fflW«IS«0ft^ s *^-Cfc57 
7^7-YI/yX©ffil^yX9 2 &ii(5fc/jSt>^.6;Js 

5. ^«0«t5«cbT^ft^fk$nfci — iffc'-Ali, 
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1 5~2 5ffiFt/j:5 ± 5»wSB«SiiS 0 
[0 0 8 3] gJErSU- U— if f — A^R85t$tt5 t . ^ 
05 y K1£3!3MS:5 OIUD^y KSB4 0(4^ n;*T— A 1 

=T^r— y- 2 2»C«tt)X*|6l»C^$n*jSSP>, BrffiW 

ggfcofcu— iff— j>.tf#7xmmcmftt£ftxv}mn 

io [00 8 4] ®mn<Dlmm-&, \s—f\f—J»<nmfi.<n& 

15 [0 0 8 5] U±<D J; ? Iw, — y KS8*«»iSIS*L**s 
uvXp^e>fiSW$tv-5^— iff— Ajrj; 9«)»fgi5 
^Ani?ft$n-5i:. ^y KttRBt? &*ifcft£P¥Ak 1 0 0 

ro/x;no6*>f.*itsa^^^ mm#x&tz. 

tt, mtJ;t)-7'1'^n77S'7^M^n?. 0 
[0 0 8 6]-*, #9;***ro±ffifcRJW*2 0 2# 
^S4XTV>5^^»4, Nd : YAG u— if SrfflV^t 
KS*B?2 0 2 «rfl:fc8i*-*-3 (El 1 3 #180 „ 
25 [0 0 8 7] wCO«t !8i®^J:«3X/7^S«<D^J 

hfcr-y/WlIXtt^fLl 2 a diSSUS^coJt 

t5itK<eo, ma*mm#7 x&m<Dw&ri®i-£. ® 
[0088] #7xws.<D$miti ! %rr-rz>b. t— -?>v 

1 2Sl>'^y KSI54 0 ^ftftlW-figlrMS tttC, 
y ^^2 7 b(r<tt) f ^Utf2 7 a^^igfLl 2 b SrR 

[0 0 8 9] J£JL_t, #3g?3£. laffi^-rHSfcWffi^K 

So 

45 [00 9 0] 

mm<DW\8ijjmx.xf*:<Dmmzj:z>k. u-iff-^tr 
50 wi^sett-fk-et . «jwaiflcs:iaiftT4Ktt«?iai±=fc 
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03 d £„ 

[il] #*WlwJ:4u— Iff— AwlffffiasjI^JBT? 

[1212 ] &mw{££5 u-w—Jxnmmtf&jsfeX' 

fctj s ^yp^ft^s^^-ciia— fti/- iftr— A&ffl 

lias] &&w\z£z\s~f}?—j»<Dmm*mkte<r> 

So 

[1214] « ffli: i5 w-f f-AroMWURf t 
Sr^-ri2lT*fc 3„ 

[ei 5] &&w\z£z#7xm%L<Dwmmm<o&m® 

[0 6] BS7»=*Slxfc^7^*««>«IWr»««)jEffi 
0T-fc3„ 

[1217] 0 7ir**nfc^7^»««)9J»f3fillrofl!iaB 

[1218] m8\^£Mz^—-7j\s<DA-Am\^£Z>m 

[BI9] — y K»«rtfc1*UT5*i-#*«BIT*a. 
[010] AP»^aSrtR»S«j»c:*-r<iaffiBlt?*>5. 
[011] u^X3-=. -y h SrtEB&Wtc^-r^tlEir-fc 
3„ 

[012] #}%)^8><oM&mX'$>Z v 
[12113] ^7^3£«S:9lWr*-5ttl»S:«»«>^*-*- 
£*$t0T-fo5„ 

[I2ii4] ^(o^f^^T^m^-^mm^w-o^ 
0-efo5. 

[015] ttw^^ryS^/^iS^oi/ 
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